Abstract. It has been demonstrated that sleep has a great relationship with humans' health and activities. Sleep staging is an important method to analysis sleep. Lots of methods have been adopted for automatic sleep staging. Some of the results are good and some of them are poor. For the poor, the sleep spindle detection can help to correct the results, because in the sleep stage 2(S2), the characteristic wave is sleep spindle and in the later of sleep stage 1(S1), the waves less than the duration time of sleep spindles but have the same period with sleep spindles (immature sleep spindles) appear on the electroenphalography (EEG). Therefore, a time-domain method for detecting sleep spindles is mentioned in this paper. With this method, the majority of sleep spindles and immature sleep spindles can be detected and the duration time of these detected waves can be used as the feature for sleep staging correction, especially the results of S1 and S2. The experiment results show that the accuracy of sleep staging is increased from 65.68% to 66.22%, 47.2% to 48% of S1 and 72.4% to 74.3% of S2.
Introduction
Sleep is an important physiological activity of humans. About 1/3 of humans life is spent on the sleep. The quality of sleep affect the health of humans and poor sleep quality can cause diseases, such as cerebrovascular, cardiovascular and hypertension [1] . The study on sleep staging can assess the sleep quality effectively.
Researches have shown that the night sleep is not a single process it has a complex structure with a variety of physiological activities. In 1968, the classical criterion of R&K for sleep staging was proposed in a expert group meeting organized by Kales and Rechtschaffen [2] . According to the criterion, the night sleep is divided into wake(W), rapid eye movement(REM) and non-rapid eye movement(NREM), and the NREM includes S1, S2, stage 3(S3) and stage 4(S4). In 2007, the latest criterion for sleep staging was introduced by American Academy of sleep medicine (AASM), in which the S3 and S4 are merged into slow waves stage (SS) [3] . In this paper, the night sleep is divided into W, S1, S2, SS and REM.
Sleep staging has been realized by artificial demarcation for a long time which usually costs much time and is subjective. Now, lots of methods of auto sleep staging were proposed by researchers. Some results of these methods are poor, especially the accuracy of S1 and S2 staging. For example, the sleep staging method based on the improved K means algorithm proposed by Xiao S [4] . Processed by this method, a total accuracy of sleep stage is 76%, 14% for S1, 68% for S2, 85% for SS and 70% for REM. Shown from the results, the staging results of S1 and S2 are relatively poor. If the staging accuracy of S1 and S2 can be improved, the night sleep staging will be good.
As the characteristic wave of S2, the research of sleep spindles is necessary. Sleep spindles generated from complex interactions between thalamic, limbic and cortical areas are the hallmarks of S2. They are sinusoidal spindle-like waveforms which have the characteristic of progressively increasing, then gradually decreasing lasting 0.5-3s with a frequency profile at 11-16 Hz [5] . The figure characteristic of the waveforms is obvious.
In this paper, a time-domain method is adopted to detect the sleep spindles and immature sleep spindles [6] . The duration time of detected waves can be used as the discrimination condition. If the duration time of detected waves is less than 0.5s, the samples that contain these detected waves are belonged to S1, else they are S2's samples.
What follows covers the introduction of method for detecting sleep spindles, the details of correction for sleep staging results, the analysis of the experiment results and the summary of this paper.
Data for experiment
In this paper, the experiment data was downloaded from the MIT database [7] [8] . Three subjects' night sleep data was taken for sleep staging. The length of the subject 1's night sleep is 8.15 h, 6 h of subject 2 and 7.6 h of subject. Each of the data was divided into many samples at the length of 30 s, and each of them represents just one sleep stage.
Method of detecting sleep spindles
The time-domain method to detect sleep spindles depends on the algorithm of the merger of increasing or decreasing sequence based on the visual organization principle which was proposed by Zhang J [9] [10] . Visual organization principle is the method to make the basic image elements form an overall subject according to the quantitative model of Gestalt principle in a narrow sense [11] . The merge result is shown in the figure 1. 
Algorithm of time-domain method for detecting
After processed by this merger algorithm, the time-domain feature of EEG signal can be more obvious. The time-domain feature period and duration time are used to detect the sleep spindles. Change the duration time condition, the immature sleep spindles can also be detected. Three steps are taken to detect the sleep spindles.
Step 1: detect the signal wave that satisfied with the period condition of sleep spindle. As shown in figure 2, 1 T and 2 T represent period, which are calculated according to the equation (1). was marked in red in the dashed box.
Step 2: combined the marked waves. After the filter of the period, the single waves meet condition would be marked in red in dashed box. If the interval distance between two adjacent marked waves meets the threshold conditions, the two adjacent marked waves can be combined, which means the waves between two adjacent marked waves would be marked. Shown in the figure 3, 
Auto sleep staging results
In this paper, the auto sleep staging results were gotten by using the sleep staging algorithm based on the improved K means cluster proposed by Xiao S [4] . According to the sleep label, the distributions of each sleep staging in each subject was shown in the table 1. W  S1  S2  SS  REM  total  Subject 1  62  121  480  96  219  978  Subject 2  68  58  250  220  125  721  Subject 3  60  54  288  298  215  915  Total  190  233  1018  614  559  2614 The correction for the result of sleep staging based on the detected waves
In the chapter of Time-domain method for detecting algorithm, the range of the duration time feature L was set from 0.3 sec to 3 sec in step 3. The serial numbers of the samples that have the detected waves were recorded in the array 1 [] x . Each of these samples may have more than one detected wave, the average length LL of these detected waves was taken as the duration time feature of one sample recorded in the array 1 
Analysis and Conclusion
Seen from the table 2, the accuracy of sleep staging can be improved after correction, especially the S1 and S2. The accuracy of S1 has improved in the data of subject 1 and changes without happening in subject 2 and 3. Causes may be as follows: (1) The experiment data was adopted from the channel "Fpz-Cz", in which sleep spindles are less than that adopted from the channel "C4-A1", so the detected waves were few. (2) The duration time of Sleep spindle is larger than that of immature sleep spindle, which makes the average duration time LL larger than 0.5 sec and the samples have both sleep spindles and immature sleep spindles are always be marked with S2, so the samples belonged to S1 may be marked with S2. The accuracy of S2 improved a little. When the results of auto sleep staging algorithm are good, most of the samples with sleep spindles will be marked with S2, which may limit the correction of sleep spindles for S2. The accuracy of SS sometimes will decrease, because few sleep spindles appear in the early stage of SS.
Therefore, combine the correction algorithm based on the detection of sleep spindles or any other auto sleep staging algorithm can achieve a great result for sleep staging.
